13-4 Double-Angle and Half-Angle Identities

CCSS PRECISION Find the exact values of 5in 26, cos 2
1. h'il'll'?—%'. 0° < & < 90°

SOLUTION:

We know that cos” @ =1—sin" @

] | .
Substitute 4 for siné?,

; (1Y
cos =1
w4 )
T
16
16
/15
cosf=+""

Since 0° < & <90  cosine is positive.

5
Thus, cosf! = JT

sin 28 = 2sinfcos

1]
44/

::c“n

cos280=1-2sin" @

_\I'\
_|_‘r|_
L4

i

- |m-

&8 | 1
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13-4 Double-Angle and Half-Angle Identities

| —=cosd
2

sin—==
2

2. 5it15j=j_: 90° < & < 180°
5

SOLUTION:
We know that
cos’@=1-sin"@ .

. 4 .
Substitute 5 for siné,
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13-4 Double-Angle and Half-Angle Identities

-

Since 90° < # <180°, cosf = _é'

sin 20 = 2sindcosd

:\‘ where 45% < Ea:‘)ﬂ"
2 3
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13-4 Double-Angle and Half-Angle Identities

3. cosfl =—

SOLUTION:
We know that
sin@=1-cos’ @,

] 5
Substitute ET for cosé
|

Since %{9{11:, :ainH—]l ,

|l-.i

Lad

sin 28 = 2sinfcos

=2|f|2“'_[ 5]
L1313

1649
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13-4 Double-Angle and Half-Angle Identities

cos2 =2cos =1

__22 132
J1342 1342
=2 13
13
4. cosﬂﬂit:zm“{ﬂ{?;ﬁﬂ“
3
SOLUTION:
We know that
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13-4 Double-Angle and Half-Angle Identities

sin’ @ = I—cus":‘},

Substitute g for cosé

sinf =+—
5

Since 270° <8 <360°, sin@=——~
"

sin 20 = 2sinfcosd

A3

24

25

cos20 =2cos’ @ -1

-

7

25
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13-4 Double-Angle and Half-Angle Identities

- 1+ cosd
2 2
l-i]+:?
\| b.nlu:rl:lfric‘i;-::lﬁ'[}':'
&
=15
BE
B E\I'EK\"IE
Jﬁ \"ﬁ
2-J5
5

5. tam‘?—li_:l}{}'* <8 <180°
2

SOLUTION:
We know that
tan’ @+ 1 =sec’ @ .

. 8
Substitute 15 for tané
I EW +1=sec’ @
N EY
6—4_ +1=sec’ @

225

secil = :lrE
15

5
cosf = tl—
17

We know that
sin@=1-cos’ @ .

] 15
Substitute 17 for cosé .
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13-4 Double-Angle and Half-Angle Identities

Since 90% = & < 180"

sin 2@ = 2sin@cosd

- 2[3][ _1s

17 17
oH0
289

"
cos 28 =2cos & -1

{ g

+
_. 17
.'1

sinﬁ-'—-i.
17

)

. where 45% < g < Qe

_ sw% RUERE
NN

a7

17
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13-4 Double-Angle and Half-Angle Identities

- g - |'|+ cosé
2 2
T

= \|—, where 459 < E = O
2 b

34
__2_ 12
NN
\."ﬁ
E

&y

6. Ialh‘?—i:?‘f{ﬁ'{ﬂ
1’} )

SOLUTION:
We know that
tan’ @ +1=sec’ @

. 5
Substitute 3 for tanél

I/ -
i] +1l=sec” &
W12
’}_ =1
i+| =geg”
169 3
— =sec’
|44
qect’):+—J
2
12
cosfl=+—
13

. in
Since T<f<—, cosf=——,
2 15

We know that
sin@=1-cos’ @,
.l

] 12
Substitute ET for cosé
e |
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13-4 Double-Angle and Half-Angle Identities

Since E{H{ET“, sin F,i;—li

sin 28 = 2sinfcosd

=:[ 153]{ :i]

120
169

cos26 =2cos” 6 -1
:J_E]' iy

13
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13-4 Double-Angle and Half-Angle Identities

2

~

. f J]"—ms."j
sm—=xd=

n 8 3=
, where — < — < —
2 2 4

, where —< — < —
2 2 4

i 2
) \’J’(_li] x 0 3n
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13-4 Double-Angle and Half-Angle Identities

Find the exact value of each expression.

. W
7. sin—
5

SOLUTION:
1 80°

. I .
SIN— =35I

=s5in22.5°

. 45°
=sin

We know that
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13-4 Double-Angle and Half-Angle Identities

8. cosla®

SOLUTION:

30°

cosl3% =cos
-

We know that

it 1+ cosdd
cos—=1=
2 2

e I+ cos30°
cos— =1 [——

2 Y 2

Since 307 is in first quadrant, the cosine value is positive.

e T———
30° [1+cos30°
Cos—— = e

2 ¥ 2
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13-4 Double-Angle and Half-Angle Identities

9. SOCCER A soccer player kicks a ball at an angle of 37° with the ground with an initial velocity of 52 feet per
2v* sinBcosd
second. The distance d that the ball will go in the air if it is not blocked is given by « = =V SMEET N this
g
formula, g is the acceleration due to gravity and is equal to 32 feet per second squared, and v is the initial velocity.
a. Simplify this formula by using a double-angle identity.

b. Using the simplified formula, how far will this ball go?

SOLUTION:
a.
2v" sinPcos
o = kol
g
B v 2sinfcosd
k4

The double angle identity is:

sin 28 = 2sinfcos @

: : " 2sin @ cos
Replace 2sinfcoséd by sin 28 in the equation. = ol hnblckiiady
g

N v’ sin 26

&

d

b. Substitute 37° for #, 52 for v, and 32 for g.

(52) sin2(37°)

d= 19
o L
~ 2704sin(74°)
32
= 81

The ball will go approximately 81 feet.
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13-4 Double-Angle and Half-Angle Identities

Verify that each equation is an identity.

| =cos2d
10. tanfl = ———
sin 28
SOLUTION:
" ¥
tan {!——l ‘ms-ﬁ
sin 26
) |—(|—zsin-‘s:-')

2sinfeosd
T1-1+2sin’ @
 2sinfcosd

Zsin” @

2sinfeos

11. (sin@+ cos#)’ =1+ 2sindcosd

SOLUTION:

»

(sin@+cos@) =1+ 2sinfcosf

(sin@ + cos@)(sinf + cos@) =1+ 2sinf cosf!
sin” @ + sin@cos@ + sin@cosé + cos” @=1+ 2sindcosd

sin® @+ 2sin@cosd +cos” @=1+ 2sin@ cos
14 2sinécosdd =1 + 2sinfcos v

0

Find the exact values of sin 20, cosza,sin%and cmi )

5
12. sinél = —:90° <9 <180°
3

SOLUTION:
We know that
cos'@=1-sin’ @

%
Substitute — for siné.
]
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13-4 Double-Angle and Half-Angle Identities

Since 90° < & < 180° uusﬁ-——i;_i_

sin 28 = 2sinfcosd

613

W5

l—cnsﬂ
sm— =+

k 3
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13-4 Double-Angle and Half-Angle Identities

i | +cosé
cos—=1=
2 2z

7
= \|————= where 45°% < g < gy°

s

13, gl
17 >
SOLUTION:
We know that
cos’@=1-sin’6 .

) 15 :
Substitute ET for sinél,

S
cos” =1 —[—EJ
17
225
289
_ 64
289
cmﬂ::E
17

Since, ?l:«::‘?-::ﬂ, cn.ﬁf?-__i_
2 17

sin 2@ = 2sinfcosd

e

240
289
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13-4 Double-Angle and Half-Angle Identities

cos2f =1=2sin" @

— .where E{chﬂ
2
I+s
_ 17
1
25
B ET
5 31
= —
NETRRNET]
534
34
—{ﬂ{ﬂ
2 4

___3 34
34
3 3m
14. cosfl==; —<f<ln
5 2
SOLUTION:
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13-4 Double-Angle and Half-Angle Identities

sin" @ =1-cos* @

)

sin @ =1-|

——
Lh | e

sin” @ = i
25

sin =i
5

. . in L . ; !
Since 6 is between % and 2m, sind is negative. Therefore, sinf = L

Find sin 26.

sin 28 = 2sinfcos

0

24

25
Find cos 26.

cos 20 = cos” @ —sin” @

9 16
<98 e
"5
Find 5inE.
.
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13-4 Double-Angle and Half-Angle Identities

J5

) i . .
Because 8 is between 270° and 360°, 518 between 135° and 180°. Therefore, sin e =

) )
Find cos— .
]
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13-4 Double-Angle and Half-Angle Identities

B E\E

¢ i
Because 8 is between 270° and 360°, = is between 135° and 180°. Therefore, Cos— = .

15. cosf =—: 270° <@ < 360°

| —

SOLUTION:
We know that sin’ @ =1 —cos” @ .

. |
Substitute ; for cosé

¥

T '|‘
sm'ﬁ':hfrj
\
=] _L_
25
24
T35
.
’j I
sinf = :"":ﬁ
2
:
Since 270°< 8 <360°, sind = - hf .
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13-4 Double-Angle and Half-Angle Identities

sin 28 = 2sin fcosd

o
2
£

il
=
I
Il
H
b

(]

|
Lhy | —

. where 135 < & < 180"

I
LAl S [
[

B

Il
|
s
[
|

6 _Jio
RN T
N
s
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13-4 Double-Angle and Half-Angle Identities

16. tam‘?—i: 180° < & < 270°
. |
SOLUTION:

We know that tan” @ +1=sec” @ .

. 4
Substitute — for tanf,
]

(4%

_;J +1=sec” @
L]
E+I::‘.ra.:|;:Tt‘}
49
1- : ]
=2 csec?
sec :ig
. |
t:rc.nsu\":i'::E
5

£

Since 180° <@ < 270" | cosf = _% .
J

We know that,
sin“@=1-cos” @ |

Substitute —% for cosé

sinfl = i.T
]

Since, 1807 < @ <2707  sinf =—

sin 280 = 2sinfcosd
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13-4 Double-Angle and Half-Angle Identities

cos28 =2cos @ -1

h+(—§]
- ._\’——5— where 90° < @ <135°

17. tanf =-2: %{H{ﬂ:
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13-4 Double-Angle and Half-Angle Identities

SOLUTION:

We know that

tan’ @ +1=sec’ @
Substitute -2 for tané

{—2]: +1=sec” @
d+1=sec’ @
5=sec’ @

sec = iw‘g

cosfd =+ L

N

Since, E{.‘?::ﬂ:, l.:ttrsf!:——::.
= =
i a2
We know that,
sin“@=1-cos’ @ |

Substitute .5 for cosd

J5

i |]’
sin“@=1-| —
55

5

in| b

sinfd=+—
5

. s . 2
Since ;{ﬂ{n‘, sind=—

2 J5

sin 28 = 2sinfcosd

_qr’ 2 W.'”z )
_-LJEJN J5)
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13-4 Double-Angle and Half-Angle Identities

cos2d =2cos’ @ -1
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13-4 Double-Angle and Half-Angle Identities

Find the exact value of each expression.
18. sin75°

SOLUTION:

SNe

sin 73% = sin

Use the half-angle sine formula.

sinf} o [1—cosé
2 2

sin 5 = i\n'l 5
cos150% = cn:s[f}'l_']{' + ﬁﬂ°]
= —sin 6G0*
3

o Iﬁﬂ'c. | —eosl50°

51 5 1\' 5

Since ¢ lies in the second quadrant, sine is positive.

J2+43

-

sin75% =
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13-4 Double-Angle and Half-Angle Identities

19. sr.inﬂ
8

SOLUTION:

g0

M = :
5in ? =5in67.5% =sin

i

Use the half-angle sine formula.

135 1 —cos] 35"

5N 5 =i\|| >
cosl35° = cnﬂ[ﬂﬂ‘“ +45°)
= —5in 45°

Substitute ——— for cos133%,

Since ¢ =135 is lies in the second quadrant, sine is positive.

L3n Y2442
siM— =—,
8 2
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13-4 Double-Angle and Half-Angle Identities

in

20. cos—
|‘7

SOLUTION:
150°

Fk: i
cos I_:' =¢0575% = cos

Use the half-angle cosine formula.

& 1 +cosd
cos—=1=_/- -
2 2
1500 1+cos150°
cos =+, [ —
P 2

cosl50° = ::{::5[9(!{' + E-E]&]
= —sin 60°

3

o~

Substitute —% for cos150%

i

150° ||] + cos150°
cos =%, [———
2 2

Since & lies in the second quadrant, cosine is negative.

o J50°_ V23
. v )

e =
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13-4 Double-Angle and Half-Angle Identities

21. tanl6a®

SOLUTION:
tan 165° = tan(llﬂ" + 45':’)
tan 1 20° + tan 45°

| = tan 120° tan 45*

tan 1207 = tan {‘)ﬂ"' + 30“]

:—cnl{3{}°}
=-3
tan120°+tan45° =3 +1
| —tan 120° tan 45° |_(_J§)-|
_1=V3 1-43
1+3 1-43
_1-243+3
R
_4-23
=2
N

eSolutions Manual - Powered by Cognero Page 30



13-4 Double-Angle and Half-Angle Identities

22. tfmE
]':l

SOLUTION:
5n [‘J‘E T
an—=tan| —+—
2 6 4)

Use the following formula.

tan A + tan B

tan(A+B)=————
| —tan Atan B
lunn+lmlﬂ
tan[ﬂ-an:- '5-1 _:r
3 /1 —tan —tan
f 4
1 1
_ 5
1
1- -1
J3
ﬁ-l—l
| — \'f::j
J3-1
3
_J§+Ix~ﬁ+l
\'E'] \."'E'Fl
(ﬁ’)mﬁu:
[J?]—F
4423
T2
:24-\."3
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13-4 Double-Angle and Half-Angle Identities

23. tan 22.5°
SOLUTION:

450

tan 22.5° = tan

Use the half-angle tangent formula.

a9 | —cos@
Tan =% -
2 |+ cosd

i, [

Lan

where & lies in first quadrant
2 1+ cosd

I| 1 —cos43°

V14 cosdse

_ Jl-cosd5° J1+cos45°

J1+cos45% 1+ cosd5°
,UI'I{I = c11545°]{| + COS 45:'}
N | + cos45®

e
1 —cos® 45°

1 +cos45°

i | A

&

]+I

J2
.
in]I--
=42
I

o
b=

=

2

—"\-..I'._—I

24. GEOGRAPHY The Mercator projection of the globe is a projection on which the distance between the lines of
latitude increases with their distance from the equator. The calculation of the location of a point on this projection

. . oo B . . .

involves the expression tun[ﬂf:“ = | , where L is the latitude of the point.
\ =/

a. Write this expression in terms of a trigonometric function of L.

b. The latitude of Tallahassee, Florida, is 30° north. Find the value of the expression if L = 30°.
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13-4 Double-Angle and Half-Angle Identities

SOLUTION:

L tan 45°% + tan[E]
a. mn[dﬁ"-}—] =

= 2

2 i
| —tan45%tan| —
an n[zj

1-cost

L
Use the formula tan g =¥ for tan 3

b. Substitute 30° for L.
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13-4 Double-Angle and Half-Angle Identities

=

-2
| -

s 1+ | =

i JI cos M) \‘. I 3
I + cos 307 2

. == Tt

I - cos30° NE]

1+ cos30° i

= Ik

—
+
Fa
|

|
1’:;1 b

-—
LR ]
+

L

|_J'|

I
) -
SR o ]
i |
.
L || Ll

442,43
23
-5
oW . ]
V3
-
— s )

25. ELECTRONICS Consider an AC circuit consisting of a power supply and a resistor. If the current I, in the circuit

at time t is 1y sin té, then the power delivered to the resistor is I* = I,”Rsin” 10 | where R is the resistance. Express
the power in terms of cos 2t

SOLUTION:
The double angle formula is cos28 =1 - 2sin" & .

e il
2sin" @ =1-cos28

. — o526
5in“t?:—| i
- 052 1 2 )
Substitute ﬂ for sin“t& in =1, Rsin 17,

P=f Rsin’ 10

I I N
P I‘,“:Rl 1 —Lu.:hflfﬁ
= s

1

T

P==I‘R- % I,* Reos 2td
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13-4 Double-Angle and Half-Angle Identities

Verify that each equation is an identity.

-

cot & — tan &
SOLUTION:

26. tan2{ =

cot & —tan
2 tand
cotd —tan# tand
2tan
cotftand — lani i
2tan
1-tan’ @
tan 26 = tan 26

tan 20 =

tan 2 =
tan 26 =

tan 26 =

27, T iin g ST TSIE
2 secd
SOLUTION:
- lsinzgzﬁmf}—xmﬂ
2 sec
i +3inf
_ oS
l
cosd
I )
: cos HSing : cosé
1 cos
cosfd
= +sinf(cosd)
Cos

=l +sinfcost

= m
=1+ Zsinfcosd

=1+ —=-2sinfcosd

— b= p2

- I+;s'u'| 2

eSolutions Manual - Powered by Cognero

Page 35



13-4 Double-Angle and Half-Angle Identities

. B & sindd
28, SIN—C05— =
2 2 2
SOLUTION:
.G 27 sind
SN —C¢os—=
2 2 pi
o BB
=5In E s 2 _:- :\'.:il'lf.}
2 T2
inEl
B | EJ_':;in i
)

sin ] sin t’}(

g
2

g

2

2 2
[ sind?
29, tan—=
2 l+cos#
SOLUTION:
g 7 sing
tan 27 ld4cozé
i g
- 8 i3 sin 2(2)
2 []
l4cos 2(2)
)
for 8 ; 2 smi cos =
4 142 ::I:n:a2 g
2
o8
i g ; 2 smi Cos
4 2 t:u:n;2 L4
2
)
- 8 ; sin =
2 cus%

g [:]
tanﬁ—tan EJ
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13-4 Double-Angle and Half-Angle Identities

30. FOOTBALL Suppose a place kicker consistently kicks a foothall with an initial velocity of 95 feet per second.

31.

Prove that the horizontal distance the ball travels in the air will be the same for & = 45%+ Aas for & = 45° — 4. Use

the formula given in Exercise 9.
SOLUTION:

v sin 20
A ok ol
&

For
=45+ A,
“sin2(45°+ A
e Vo5l ( }
2§
i v sin(90° + 2.4)

& =

g
v {sin 90°cos 24 + cos90°sin 2.4)
E

vi (1-c0s24+0-sin2.4)
i =
g

d=

y
voeos2A

£

d=

For
F=45= A,

v sin2(435° - A)
i =

g
v’ sin(90° -24)
g
v (5in90°cos 2.4 —cos90°sin 2.4)
&
v (I-cos24-0-sin24)

o =
g

=

i =

.
voeos2A

g

d=

Thus, the horizontal distance the ball travels in the air is the same.

Find the exact values of sin 20, cos20, and tan2{ .

cos i —i: 0% <& <90°
)

SOLUTION:
We know that, sin@=1-cos’ @
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13-4 Double-Angle and Half-Angle Identities

) 4
Substitute 5 for cosé

Since 0% < @ <90%  sind =

| e

sin 28 = 2sinfcos

(35

24
a5

cos 28 =2cos =1
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13-4 Double-Angle and Half-Angle Identities

2tand?

1—tan’ @

i

1—[3T
4
6
4
6

tan 28 =

9

[

|

6

2

~|R -]

32. sinfl =—: ﬂ{r’}{%

lad | =

SOLUTION:

We know that cos” @ =1—sin" & .

Lo :
Substitute — for sin#.
a

\
=]—=
9
_§
4
Tl ¥
ta&xf?=i'—{:
o
242
Since,ﬂiﬂﬂi%,cust?— J_
P o

sin 260 = 2sin dcosd

)

42
9
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13-4 Double-Angle and Half-Angle Identities

cos20 =2cos’ 61

2 lEl]l.H

tan 28 = -
l-tan~ &

-

Sl

8
-
42

N

33, tand =-=3: 90° < & < | 80°
SOLUTION:

We know that tan” @+ 1=sec’ @,

Substitute —3 for tané!
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13-4 Double-Angle and Half-Angle Identities

{—3]3 +1=sec’ @
9+ =sec’ @
10 =sec’ &

sect? :i\fﬁ

cosfl =+—

!
J10

Since 90° <@ <180° , cosf = ———

T

We know that, sin” @ =1—-cos” & .

Substitute s for cost,

J1o

~
)

10

sinfl =+

-

&

T

Since 90° = # < 180° | sinfd =

sin 26 = 2sin fecosd

EERE

10

-
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13-4 Double-Angle and Half-Angle Identities

2tand!
1—tan’ @

2(-3)
()

e

-9

tan 2é =

e | e

34, sectl = —i; O0® < @ < | 80°

|

SOLUTION:
secf = —i

3

5

cosfl = —=

We know that
sin“@=1-cos” @ |

Substitute —i for cosé

Since, 90° < @ < 180° | sinfl = ? )

sin 26 = 2sin f cosd

{2
37

8
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13-4 Double-Angle and Half-Angle Identities

cos 28 =2cos 61

Find tané
tan = sin &
cosf
_\J7/4
=34
W7
3
-
tan 20 = 2tand
I —tan” &
( !
gl 37
PP, Md'?
1- 7Y
;)
2
l—?
9
2N
F R
==3.f7
5 3=
35. cscll=——; —<f<2n
- 2
SOLUTION:
cscﬂz—i
2
2
sinfl=-=
3
We know that
cos’@=1-sin"@ .
)

Substitute —i for sinf?
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13-4 Double-Angle and Half-Angle Identities

21

. 3 2
Since LB 2w, cosfl=——
2 5

sin 26 = 2sin fcosd

(55

_4@

- 25

cos28 =2cos 61

\IL'
_-z[‘m =

> )

21
:2[ ].]
25

2
=2e-
L

3

Find tané
sin
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13-4 Double-Angle and Half-Angle Identities

2tand?

tan20 = ———
l1-tan" 8

36. cotd =—: 180° <@ <2707

bd | led

SOLUTION:

4

.|
cotd =

tand! =

L | b b |

We know that
tan’ @+ 1=sec’ &,

Substitute — for tané!

L | b

(Y )
:J 1 =sec” &

\3

‘ T
—+|=sec” ¥

Since, 180° < #<270°, cosf = ——=

5

We know that
sin’@=1-cos’ @
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-

b

Substitute ——

for cosiél

¥

- 30
Rm'ﬂzl—[— .'—,J
W13

9

13

13
" 2
sinf=+—
J13

4

Since, 180° <@ <2707 | sinf = ——=

ok

sin 28 = 2sinf cosd
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2tan &
1—tan’ &

)

tan 28 =

(]

b

3

1]
= L34
(%) w

v | o

e

Explain your reasoning.

37. CCSS CRITIQUE Teresa and Nathan are calculating the exact value of sin 15°. Is either of them correct?

Tevresa

=

Vi V3 V2
Z z

z

sim (A-B)=sin A cos B-cos Al sim B
sin @5 =30 = sin 45 cos L0 - cos 45 5in F)

wd
2

SOLUTION:
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13-4 Double-Angle and Half-Angle Identities

sin15° =sin(45°-30°)

=sin43%cos30% = cos43%sin 307

. )
sinl3° =sin

L300 1 —cos30”
sin—=4#, [——————
2 2

No; Teresa incorrectly added the square roots, and Nathan used the half-angle identity incorrectly. He used sin 30°

in the formula instead of first finding the cosine.

38. CHALLENGE Circle O is the unit circle. Use the figure to prove that tan%:‘? = 5"“’:}_
P 05
/____.--B N ;‘-u.‘q\\\
\ .s\ )
\ A
L
SOLUTION:

. . . [
ZPBD s an inscribed angle that subtends the same arc as the central angle <POD, so mZPOD =6,

By right triangle trigonometry, tan ] o i P4 L
n— T — .
yrg gietng Y, 2 B4 1+04 1+cosé
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39. WRITING IN MATH Write a short paragraph about the conditions under which you would use each of the
three identities for cos 26.

SOLUTION:
If you are only given the value of cos 6, then cos 28 =2cos’ @1 is the best identity to use. If you are only given the

value of sin 6, then cos2¢ =1 - 2sin” @ is the best identity to use. If you are given the values of both cos 6 and sin 6,
then cos 26 = cos’ @ —sin” 8 works just as well as the other two.

40. PROOF Use the formula for sin (A + B) to derive the formula for sin 26, and use the formula for cos (A + B) to
derive the formula for cos 26.

SOLUTION:

sin 26 =sin(¢ + &)
=sinfecosd + cosdsind
= 2sinfcosd

cos 28 =cos(# + 6)
= cosflcosd —sindsind

= cos” & —sin” ¢
You can find alternate forms for cos 28 by making substitutions into the expression cos’ & —sin’ @

cos’ @ —sin’ @ = {I —sin’ ﬁ}— sin* @

=1=2sin"@
Substitute I —sin” @ for cos” @,
Simplify.

cos’ @ —sin’ @ =cos’ @ - [I —cos’ !’F]

=2cos” ¢ -1

Substitute 1 cos” @ for sin” @.
Simplify.
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41. REASONING Derive the half-angle identities from the double-angle identities.

42.

43.

SOLUTION:

1—23i1125'=u,|:1526' Double-angle identity

Y Substitute —Afm'ﬁand
1—2sin E:I.-DE;A 4

Aforze
sinzg =% Solvefor sinz§
T Takethesquareroot of each
i s 1|' 1—cosd _ " :
2 z side.
Find co sé.
2
Ecnszﬁ'— l=cos28 Double-angle identity
i3 Substitute for fand

2cos E—1=LDS}1 2

Aforze

u:u.s'z? =% SDIVEfDl‘CDSZEA
osd FEeaad Takethesquareroot of each
2 2 side.

OPEN ENDED Suppose a golfer consistently hits the ball so that it leaves the tee with an initial velocity of 115 feet

 5in 260 _ : : N .
per second and o =-— . Explain why the maximum distance is attained when @ = 45°
4
SOLUTION:
. “sin2d . 4 . ; .
sample answer: Since =~~~ d is at a maximum when sin 26 =, that is, when 26 = 90° or = 45°
44

SHORT RESPONSE Angles C and D are supplementary. The measure of angle C is seven times the measure of
angle D. Find the measure of angle D in degrees.

SOLUTION:
s C o+ D = 1800
mLC =TmsD
C+ D=180 Solve system.
C=7D
TD+ D =180
8D =180

D=225

The measure of angle D is 22.5 degrees.
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44, SAT/ACT Ms. Romero has a list of the yearly salaries of the staff members in her department. Which measure of
data describes the middle income value of the salaries?
A mean
B median
C mode
D range
E standard deviation

SOLUTION:
The median represents the middle value of a set of data. So, the correct choice is B.

45. Identify the domain and range of the function f{(x)=|4x+1 —8.
F. D={x|-3sx<If},R={y|y=-8}.

G. D ={all real numbers},R=1{y|y = 8!

H. D=x|-3<x<I|{. R ={all real numbers|
J.

D ={all real numbers}{, R ={all real numbers}
SOLUTION:

f(x)=|dx+1|-8.

Domain= 0= {El” real numbers|
_ Py i

Range = R=1{y|y=-8]

So, the correct choice is G.

46. GEOMETRY Angel is putting a stone walkway around a circular pond. He has enough stones to make a walkway
144 feet long. If he uses all of the stones to surround the pond, what is the radius of the pond?
A [ 44
L8
gl
B.%q
L4
C.144xfi

D. 72nfi

SOLUTION:
The circumference of the pond is 144 ft.

fl

2mr =144
14

2n
12
=
s

r

-

. . ..
So, the radius of the pond is g ft, and the correct choice is B.
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Find the exact value of each expression.
47. sinl33"
SOLUTION:
sin135° = sin (180° - 45°)
=sin180°cos45° —cos | 80%sin 457
I

I
7 E
I
2
oL 2
T2
J3
"2
48. cosla®
SOLUTION:

cos 1052 = cux{ﬁﬂc + 45&}

=cos60%cos45% —sin60%sin 45°

148 1
22 2
- Jﬁ
N
J2-J6

4
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49. sin 285°
SOLUTION:
sin 285° =sin(60° + 225°)

=sin60°¢cos225% + cos60°sin 2257

50. cos(-307)

SOLUTION:

Since cos(-f) =cosf?, cos(-30°)=cos(30°).

olin &

cos(30°) =

51. sin(-240°)
SOLUTION:
Since sin(-#) =-sin#, sin(-2407) = —sin 240° .
—sin 240° = —sin(60° + 180°)
= —sin60%cos | 80° + cos 60°sin 180°
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52. cos(—120°)

SOLUTION:
cos(—120°) = cos(120°)
= cos(60° + 60°)

= cos00%cos 60° — sin 607 sin 60°

Since cos(-#) =cosd, i DR i

Verify that each equation is an identity.
c0s” @+ sin@?
53, cotd +secl = u
sinflcosd

SOLUTION:

ot P2 s

sin fcos
cos” @ sin
cot@ +secd=— ,
sinfcosd  sinfcosd
T cosfd I
cotf! + secfl=—
sin?  cosd

col i + secd = cot & + sec v’

54. sin” {0+ tan:ﬂ:[l —cos:ﬂ]‘ %E:H
csco
SOLUTION:
. . 4 3 il g
sin” £+ tan” H:(Is — 08" 49} - “l’_
cse”
sin” @+ tan’ @=sin’ @ + bﬂ:, s
cse”
|
sin” €+ tan” &=sin" & 4 -c';’s[-;.f"_
sin® &
Siﬂ: 'E? 3 tﬂl'lz E?:Si“_'-‘ €+ 5-"'!_1!9
cos”

sin” @+ tan” @ =sin” @ + tan” &v
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Determine whether each triangle should be solved by beginning with the Law of Sines or Law of Cosines.
Then solve each triangle. Round measures of sides to the nearest tenth and measures of angles to the
nearest degree.
¢ 12
/':-:/_‘_‘-‘_‘_\_\_‘-“‘—‘—‘_

ss A 388 15 B

SOLUTION:

We are given two sides and a non-included angle, which means there are two possible solutions using the law of
sines.

511 .4 sin O

e €
511 34° s sin O
12 15
; 15s1n 34°
sin 0= —""—-——
510 B
. —1f 15s1n 34°
= —_—
(e

E=44" gr 1367
Solution 1: mC =44°
m.B =180° — 34° — 44° =102°

Now that we have two sides and an included angle, we can use the law of cosines to solve for b.
b?=a’+¢* —2ac-cosB

b2 =152 +122 —2(15)(12)cos 102°

b=y15%+12% —2(15)(12)cos 102°
b=210

Solution 2: m,C=136°
m,B=180° - 34° - 136°=10°

Now that we have two sides and an included angle, we can use the law of cosines to solve for b.
b?—a?+¢* —2ac-cosB

b2 =152 +12% —2(15)(12)cos 10°

b=y15%+12? —=2(15)(12)cos 10°
b=39
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SOLUTION:
The triangle should be solved by beginning with the Law of Cosines.

¢ =a +b =2abcos(
¢ =10 +17° =2(11)(17)cos42°
e =132.06

c=11.5
Use the Law of Sines to find a missing angle measure.

sind _sin42°

11 11.5
1 1sin42°

11.5
sin A = (L6400
A= 407
ms B =180°—(40°+ 42°)
=98°

sind=
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B

|h""\-_
(719

i "‘-,_\_H

oy
2!.;0 H":;

57 A s C

SOLUTION:
The triangle should be solved by beginning with the Law of Sines.

msA=180°— (?] °+29°)
=80°

Use Law of Sines to find a.

sin 80° - sin71°
a 105
10.5sin 807
o=
sin71®
a=10.9

Use Law of Sines to find c.

sin71° - sin 29°
105 ¢
~ 10.5sin 29°
" sin7I°

c=5.4

Solve each equation by factoring
58. X' +5x-24=0
SOLUTION:
¥ +5x-24=0
¥ +8x-3x-24=0
x(x+8)-3(x+8)=0
(x+8)(x-3)=0

X+8=0;x-3=0
=-8;x=3

The solution set is {-8, 3}.
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59, x*=3x-28=0
SOLUTION:

X =3x-28=0

¥ -Tx+4x-28=0
x(x=T7)+4(x-7)=

{\—?]{\A} 0

X—7=0;x+4=0
X=7;X=-4

The solution set is {-4, 7}.

60. x’ —d4x =21
SOLUTION:
v —dx =21
xP —dx-21=0
v =Tx+3x=-21=0
1{1—?1}+3{.1—T}—ﬂ
(x=7)(x+3)=0

The solution set is {-3, 7}.
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